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131
The Escherichia coli strain DH5α used in this study as host for plasmids, was obtained from
132
Invitrogen (Life Technologies, Carlsbad, USA). The oligonucleotides, pGEM-T vector and the E. 
Construction of the expression vector pPIC9-ALP5

156
The product was subsequently digested with EcoRI and ligated into the pPIC9 vector, which was instructions. After transformation with plasmid pPIC9-ALP5, His+ transformants of P. pastoris 168 KM71 were purified on minimal medium plates without histidine to ensure pure clonal isolates,
169
then the genomic DNA of the transformants were isolated and PCR amplification and sequencing
170
were done to confirm whether the protease cDNA was integrated into the genomic DNA of P.
171
pastoris. Primers used for PCR, 5'AOX1 (5'-GACTGGTTCCAATTGACAGC-3') and 3'AOX1
172
(5'-GCAAATGGCATTCTGACATCC-3') were provided by the manufacturer. To check the effect of temperature on the activity of the recombinant alkaline serine protease, the DC and DP refers to the average diameters of fungal mycelia of control and protease respectively.
227
The experiment was performed three times.
229
Effect on pathogen spore germination and germ tube elongation
230
The effects of the protease on spores germination and germs tube elongation of B. cinerea, P. The expression of purified recombinant protease from a transformed isolate of P. pastoris was 273 analysed through SDS-PAGE (Figure 1) . After 120 h induction, the protease band was observed in 274 some isolates at 42.9 kDa, which corresponds to the same molecular weight of the ALP5 protease selected for large-scale expression. The recombinant protein was easily purified with DEAE-
278
Sepharose column protein purification system.
280
Effect of temperature and pH on protease activity
281
The effect of temperature and pH on the enzyme activity is shown in table 1. The recombinant 282 protease had its maximal activity at 50 °C, however the activity started decreasing when the enzyme 283 reaction temperature exceeded 50 °C.
284
Results on the effect of pH on the enzyme activity showed that the maximum activity of the 285 protease was observed at pH 10, then it was reduced at higher pH values. after 16 days of incubation (Fig. 2b) . On the opposite, the recombinant protease did not show any 295 inhibition of the mycelial growth of P. expansum (Fig. 2a (C) ) and A. alternata (Fig. 2a (D) The effect of protease on spore germination and germ tube elongation of B. cinerea, P. expansum,
300
M. fructicola, and A. alternata is shown in Figures 3 and 4 . The data shows that after 9 hours of co-301 culturing (pathogen+enzyme) in liquid medium (PDB), the protease completely inhibited spore 302 germination of B. cinerea (Fig 3a) and M. fructicola, (Fig 3b) . After 18h of incubation, the 303 germination percentages of B. cinerea (Fig 3a) and M. fructicola (Fig 3b) were significantly 304 reduced in presence of the recombinant protease from 98% to 54%, and from 98% to 37%,
305
respectively. No significant differences in germination percentage comparing to the control (heat 306 inactivated crude protease) were observed on P. expansum (Fig 3c) and A. alternata (Fig 3d) treated 307 with the recombinant protease either at 9h or 18h of incubation.
308
In addition, the average germ tube lengths of B. cinerea (Fig 4a) and M. fructicola (Fig 4b) 
Efficacy of recombinant protease against postharvest pathogens on apple
315
The antifungal activity of the recombinant protease was investigated on apple (Table 2) . Two 316 protease concentrations, 62.5 ng/µL and 6.25 ng/µL were applied in order to study the effect of the 317 enzyme concentration on the biocontrol of the postharvest pathogens.
318
After 4 days of inoculation of B. cinerea conidia (Fig. 5) 
358
In the present study, we cloned and expressed the protease gene ALP5 of the antagonistic yeast-like 
364
The alkaline serine protease gene ALP5 was successfully expressed in P. pastoris and, as expected, 
372
This study demonstrated that the recombinant protease gene ALP5 expressed in P. pastoris is 373 effective in reducing spore germination and germ tube length of some postharvest pathogens. The 374 dual culture procedure was adopted to study the enzymatic activity of the alkaline serine protease,
375
showing that this in vitro method could be applied not only to hypothesize an antimicrobial activity 376 due to release of antibiotics, but also to evaluate the presence of active hydrolases. The presence of 377 protease was able to cause swelling of the hyphae of B. cinerea, under optical microscope. In addition, the current study confirms that the recombinant protease ALP5 expressed in This may be due to the loss of the proteolytic activity with increasing the number of storage days. 
628
Spore germination were measured microscopically after 9 h and 18 h of incubation at 25 °C. 
633
Germ tube length were measured microscopically after 9h and 18 h of incubation at 25 °C. 
